Sheko is
test. This breed reflects historical and cultural identity of local communities and represents a unique component of the global domestic animal biodiversity that deserve priority for conservation.
There is a general consensus that 70% of the livestock existing today are found in developing countries where the risk of genetic extinction is high 1 . Indeed, it is in these developing regions that various genetically distinct and best adapted animals are found.
A historical dimension to the development of adaptive traits is that the longer a population remains exposed to extreme conditions the greater is the possibility for specific adaptive traits to evolve. For instance, in Africa, hot and humid forest regions where trypanosomosis predominates, several genetically adapted indigenous breeds such as N'Dama 2 and Sheko cattle 3 have developed.
Sheko breed has been recognized as one of Africa's "Big Five" vintage cows having great potential to form the genetic backbone for future survival 4 . This breed represents the last remnants of Africa's original Bos taurus cattle which were probably the first to be domesticated in eastern Africa. The breed is restricted to the humid Sheko and Bench districts in Southwest Ethiopia where they are maintained by a small number of local farmers. In recent times however, with a census population size of only 2400 individuals, Sheko cattle have been designated as being endangered 4,5 . The main reasons attributed to the reduction in population size are indiscriminate crossbreeding and replacement mainly with thoracic-humped zebu cattle.
To maintain genetic diversity and avoid further loss of important animal genetic resources, assessment and quantification of existing levels of genetic diversity is of high priority [6] [7] [8] [9] . Several studies that have evaluated the genetic diversity and relationships in different breeds of African cattle using microsatellite markers have been reported in literature 10, 11 . However, there is a paucity of information regarding the effective population size (i.e. bottlenecks), within-population genetic diversity and uniqueness of the Sheko breed. Such information is vital in facilitating informed decision making for conservation and sustainable utilization of this endangered cattle breed. We have therefore evaluated the levels of genetic diversity and whether the recent reductions in population size observed in Sheko cattle could have had any negative impact on its genetic architecture.
Bottlenecks detection
Results of bottlenecks detection using Wilcoxon signed-rank and sign tests under SMM and TPM are presented in Table 1 . In bottlenecked populations, the observed gene diversity exceeds the expected equilibrium gene diversity under the assumption of mutation-drift equilibrium 12 . The null hypothesis tested for heterozygosity excess using
Wilcoxon sign-rank test provided (P > 0.968) and (P < 0.011) probabilities under the
Step-wise mutation (SMM) and Two-Phase mutation (TPM), respectively. The null hypothesis is accepted under the SMM model only, implying that the Sheko breed has not experienced any recent genetic bottlenecks. The estimated values of the heterozygosity excess and their probabilities in sign test were 17.7 (P > 0.061) for the SMM and 17.81 (P > 0.083) for the TPM. The null hypothesis of mutation-drift equilibrium was also accepted based on the sign test under both mutation models.
Population census numbers can diminish and expand without any effect on their genetic architecture. Change in population census numbers is a demographic bottleneck and does not affect genetic variation within or among populations 13 . However, a drastic reduction in both census numbers and effective population size is a genetic bottleneck, shaping genetic variation within or among populations 14 . Bottlenecks can increase demographic stochasticity, rate of inbreeding and loss of genetic variation, thereby increasing the probability of population extinction 13, 15, 16 . In this study, however, probabilities derived from Wilcoxon sign-rank and sign tests revealed no evidence for genetic bottleneck in Sheko cattle.
Additionally, the mode-shift indicator test was employed to detect genetic bottleneck 12 . The assumption behind the test is that a population under mutation-drift equilibrium is expected to have a larger proportion of alleles with low frequencies. The allele frequency distribution as revealed by this test was L-shaped, indicating a larger proportion of low frequency allele classes in Sheko breed. The mode-shift indicator test revealed a normal L-shaped distribution pattern of allele frequencies (Fig. 1) 
Genetic diversity
Allele size range, observed and effective number of alleles, Shannon's information index, expected and observed heterozygosities are presented in Table 2 ).
Levels of heterozygosities were also comparable to results reported in these literatures.
Reduction in population size among Sheko cattle seems not to have had a negative impact on its genetic diversity. MB1824: 185bp; ILSTS006: 299bp), which may be vital for future breed development.
Implications for Conservation
Another strong inference is that this population has not experienced any recent genetic bottlenecks in spite of demographic population contraction in recent years. This means that any alleles that are unique to Sheko cattle have not been lost.
The majority of this trypanotolerant cattle breed (Sheko) has been diluted through indiscriminate crossbreeding with thoracic humped cattle. However, morphological characters in combination with genetic markers can be employed to identify the most pure individuals to be the targets for conservation, breed development and research. For conservation purposes, the most economically feasible method will be in-situ preservation of live animals within their production environments 7 . Such a strategy enables Sheko cattle to continue adapting to their native habitats and production environments, while offering options for genetic improvement. Ex-situ conservation is proposed as a last resort or should supplement in-situ conservation if technical and economic feasibility permit its implementation.
Methods
Sampling and microsatellite markers. Sampling location and microsatellite markers used in this analysis are well described in our previous report 18 . Thirty most likely pure Sheko individuals were carefully sampled from the breeding tract of Sheko cattle in Southwestern Ethiopia. Since records are not usually kept by the herd owners to select the most pure Sheko cattle, sampling was done on the basis of morphological characteristics and observation at field. In addition, both herd owners and district experts were also consulted to ensure that sampled individuals are representative of the Sheko breed.
Testing for possible bottlenecks. We used the same molecular data reported earlier 18 .
first method employed was the Wilcoxon signed-rank and sign tests 19 . The calculations were based on 1000 simulations performed under Stepwise (SMM) and Two-Phase (TPM) mutations models of microsatellite evolution. The second approach was the mode-shift indicator test of allele distribution pattern 12 . When a population passes through a recent genetic bottleneck, it tends to lose rare alleles and consequently inflates the frequencies of the common alleles 12 . BOTTLENECK version 1.2.02 19 was used to detect genetic bottlenecks. The third method used to detect possible reduction in population size was M-ratio test 17 . The ratio of the number of alleles (k) at a locus to the range of allele sizes for the same locus (r) is termed as M-ratio 17 . When a population is reduced in size, genetic drift is intensified and rare alleles are quickly lost.
Consequently, the M-ratio will be smaller than in equilibrium population. 
